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Abstract—Non-orthogonal multiple access (NOMA) based
multiple-input multiple-output (MIMO), which has the poten-
tial to provide both massive connectivity and high spectrum
efficiency, is considered as one of the efficient techniques for
sixth generation (6G) wireless systems. In massive Internet of
Things (IoT) networks, user-set selection is crucial for enhancing
the overall performance of NOMA based systems when com-
pared with orthogonal multiple access (OMA) techniques. In
this paper, we propose a user-set selection algorithm for IoT
uplink transmission to improve the sum data rate of the NOMA
based MIMO systems. In order to exchange data between the
selected IoT pairs, we propose to employ wireless physical layer
network coding (PNC) to further improve the spectral efficiency
and reduce the delay to fulfill the requirements of future IoT
applications. Performance evaluations are provided based on both
sum data rate and bit error rate for the proposed NOMA based
MIMO with PNC in the considered massive IoT scenarios.
Index Terms—User-Set Selection, MIMO, NOMA, PNC, IoT.
I. INTRODUCTION
INTERNET of Things (IoT), including sensors, radiofrequency identification (RFID), actuators and industrial
equipment, exchange information through the integration of
Internet and wireless networks while establishing connections
between things and between people and things [1]. Sixth
generation (6G) networks are visioned to provide high-quality
transmission for massive number of wireless nodes via IoT
devices, taking into account the constraints of reliability [2]
and security [3] [4] through the usage of heterogeneous
computing systems to balance energy power consumption and
efficiency [5].
Non-orthogonal multiple access (NOMA) is investigated as
one of the possible enabling multiple access technologies to
fulfill the 6G requirements such as high data rate, ultra-low
latency, large connectivity while enhancing overall spectral
efficiency. The main concept of NOMA is to simultaneously
serve multiple users through the same time, same frequency
or same code [6]. In literature, there are mainly two different
types of NOMA technologies: Power-domain NOMA [7] and
code-domain NOMA [8]. In this work, we consider power
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domain NOMA in which the power difference of the users is
exploited for multi-user multiplexing while applying succes-
sive interference cancellation (SIC) to mitigate the inter-user
interference [9].
Since NOMA employs more than one user at the same
resource block, it can improve the sum data rate performance
compared to its traditional counterpart, orthogonal multiple
access (OMA) [7] [10]–[12]. Besides, the latency performance
of power-domain NOMA versus OMA has been also exam-
ined in recent literature. Specifically, the work presented in
[13] investigated the link-layer capacity, namely, the effective
capacity, of NOMA under probabilistic delay constraints and
showed that NOMA outperforms OMA at high signal to
noise ratios. Further investigations have considered the NOMA
networks in finite blocklength packet regimes and investigated
the performance of NOMA networks in terms of ultra reliable
low latency communications requirements [14].
Despite the noticeable advantages of NOMA, other ad-
vanced technologies are also needed to achieve higher spectral
efficiency. One of these technologies is multiple input multiple
output (MIMO) where multiple antennas at the base station
(BS) can be used to simultaneously serve many users while
separating them in the spatial domain. Since MIMO provides
extra degrees of freedom, the integration of NOMA and
MIMO has recently become an attractive solution in terms of
massive connectivity support. In the combined MIMO-NOMA
scheme, users are divided into clusters which include both
near and far users. For downlink transmission, linear precoding
schemes can be employed at the BS to suppress inter-cluster
interference while SIC-based detectors are applied at the
user’s side to mitigate the intra-cluster users’ interference [15].
For uplink transmission, on the other hand, both SIC-based
detectors and postcoding techniques are performed at the BS.
For NOMA-based MIMO networks, adaptive user selection
and power allocation are critical to improve the performance
of overall networks. In order to allocate the users to their
clusters, the sorting algorithm was presented in [16] and
the combination of the semi-orthogonal user selection (SUS)
method with user matching technique was examined in [17].
The performance of SUS algorithm with specified regions
for the weak and strong users was investigated for downlink
MIMO-NOMA in [18].
Physical layer network coding (PNC) is one of the promis-
ing techniques to ensure network reliability and reduce the
delay for 6G wireless systems [19] [20]. PNC has been
investigated mostly in two-way relay channels. Two-way relay
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channels consist of one relay node and two terminal nodes
which are subject to communicate via a relay node. Power
consumption can be reduced by dividing the total distance
between the terminal nodes into smaller distances to improve
the overall system capacity. The exchange of the data between
the terminal nodes is hold through two transmission phases.
The transmission from terminal nodes to the relay node
is named multiple access channel (MAC) phase while the
transmission from the relay node to the terminal nodes is called
broadcast channel (BC) phase. In this paper, the relay node and
the terminal nodes are the BS and IoT devices, respectively.
In addition to that, one of the IoT devices can act as a relay
to share data between an IoT pair.
The data exchange in two-way relay channels were stud-
ied mainly with three different transmission schemes. These
schemes are the conventional four time slot transmission,
network coding (NC) and PNC. In these three types of
transmissions, PNC is the most spectral efficient scheme since
all devices send their data simultaneously to the BS. Then,
the whole transmission is completed in two time slots. For
MAC phase, which occurs in the first time slot, users transmit
their data to the BS. Then, the BS makes a decision on
the network coded symbol (NCS) based on the combined
constellation which will be used to extract the other user’s
data in the second time slot. For the BC phase, which occurs
in the second time slot, the BS broadcasts NCS to all devices.
Then, all devices estimate their pairs’ data by performing
network coding operation. In [21], spectral efficiency of PNC
was examined while both bit error rate (BER) and sum data
rate of PNC were investigated in [22]. Since the decision
of the NCS is done based on the received constellation, the
performance of PNC depends on the modulation scheme.
In [23]–[25], BER performances of quadrature phase shift
keying (QPSK), M-ary phase shift keying (M-PSK) and M-
ary quadrature amplitude modulation (M-QAM) based PNC
were examined using closed-form expressions. Asynchronous
PNC was studied in [26] as part of an IoT architecture. In this
work, we consider PNC systems under perfect synchronisation
for massive IoT applications.
In [27], PNC and multiple antenna technology were com-
bined to boost the network performance. The NCS is detected
through zero forcing (ZF) and minimum mean squared error
(MMSE) based linear equalization techniques. Specifically,
the equalization matrices of ZF and MMSE consist of sum-
difference matrix to obtain sum and difference data of the
user pairs at the BS. Thereby, the log likelihood ratio (LLR)
is obtained by using the sum and difference signals. Then,
the BS decides on NCS based on the sign of the LLR.
In [28], multiple antenna system were extended to multi-
user massive MIMO for PNC systems. It was demonstrated
that PNC outperforms NC considering BER performances
of both multi-user MIMO and multiuser massive MIMO. In
[29], the performance of PNC combined with NOMA was
investigated for single antenna systems. The combination of
NOMA and PNC with cascade-computation decoding scheme
without employing multiple antennas was studied in [30].
In this paper, we propose to combine the NOMA-MIMO
systems with PNC to exchange information among several
IoT devices efficiently. We focus on uplink transmission and
propose a novel user-set selection in massive IoT environment
for 6G applications. The contributions of this work are sum-
marized in the following:
• NOMA based MIMO systems with PNC is proposed and
its performance is investigated. To the best of the authors’
knowledge, this is the first work the implement PNC in
NOMA MIMO networks.
• We then propose a novel user-set selection algorithm for
NOMA-based MIMO systems in uplink transmission and
demonstrate the sum data rate results in massive IoT
applications.
• We combine the proposed user-set selection algorithm
with PNC in IoT applications and provide BER results
for the proposed pairing scenario.
The remainder of this paper is organized as follows. Uplink
NOMA-based MIMO system model is detailed in Section II.
Then, we propose the user-set selection and power allocation
scheme for uplink NOMA based MIMO system in Section III.
Next, the proposed NOMA based MIMO-PNC is discussed in
Section IV. Simulation results and discussion are provided in
Section V. Finally, concluding remarks are drawn in Section
VI.
II. SYSTEM MODEL
We consider an uplink MIMO-NOMA communication in
which a BS has N antennas and is serving multiple IoT devices
as shown in Fig. 1. There are K IoT devices having a single-
antenna associated with K ≥ 2N .
Fig. 1: Uplink NOMA based MIMO System Model.
The BS with N antennas can serve up to N IoT devices with
traditional OMA systems. On the other hand, in the uplink
NOMA system, the BS simultaneously supports two user sets.
As a result, the total number of IoT devices is equal to 2N
[31]. Thus, the selection of N IoT devices for each set among
K total IoT devices is critical and is proposed in Section III.
There are two user sets as the strong and weak where each
of them includes N IoT devices. The strong user set represents
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the IoT devices that have high channel gains, whereas the IoT
devices in the weak user set have relatively low channel gains.
The channel matrices of strong and weak user sets are denoted
as H1 and H2, respectively.
H1 = [h1,1 . . .hn,1 . . .hN,1, ] (1)
and
H2 = [h1,2 . . .hm,2 . . .hN,2] , (2)
where hn,j = Ln,j gn,j is the uplink channel vector of size
N × 1 between BS and an IoT device out of n = 1, 2, ..., N
in the set of j = 1, 2. For IoT device n in the set j, the
path-loss coefficient is defined by Ln,j and gn,j represents the
channel coefficient which is modelled by complex Gaussian
distribution as CN (0, 1).
The received signal at the BS is the summation of the signals
coming from these two sets as:
y = (H1s1 +H2s2) + n, (3)
where s1 =
[√





ted signal vectors of size N × 1 for the strong user set and
s2 =
[√




denotes the transmitted signal
vectors of size N × 1 for the weak user set. The uplink
symbol of IoT device n in the corresponding set j is given
by sn,j with E[|sn,j |2] ≤ P where P is the maximum
transmit power per IoT device. Power allocation factors for
the strong and weak user sets are defined by α1 and α2 with
0 < α1, α2 ≤ 1, respectively. The additive white Gaussian
noise (AWGN) vector of size N × 1 is given by n and each
element of the vector is modelled by a Gaussian distribution
random variable with zero mean and σ2n variance.
According to the received signal in (3), both symbols
belonging to the strong and weak users are extracted at the
BS. Firstly, the signals of the IoT devices in the strong user
set are decoded under the inter-set interference caused by the
devices in the weak user set. Then, the SIC is applied by using
the strong users’ signals to decode the signals in the weak user
set. Thus, the signals in the weak user set are decoded without
the inter-set interference.
In order to cancel the inter-user interference between strong
and weak users, ZF postcoding is employed at the BS.
Assuming perfect channel state information (CSI) belonging
to all IoT devices is available, ZF postcoding matrix W
′
j with





















with wn,j being the ZF postcoder with the size of 1×N for








n,j is the nth column of W
′
j .
Firstly, the signals of the strong IoT devices are decoded un-
der inter-set interference by using the postcoding matrix W1.
Then, the received signal vector of r1 = [r1,1 r2,1 . . . rN,1]
T
is obtained by
r1 = W1y = W1H1s1 +W1H2s2 +W1n. (6)
From (6), in the strong user set, the received signal of the













where the first term represents the desired signals of the strong
user set and the second term is the inter-set interference caused
by the weak user set.
The received instantaneous signal to interference plus noise













For decoding of the signals of the weak user set, SIC is
applied and, in this case, there will be no inter-set interference.
Thus, after utilizing ZF postcoding matrix W2, the received
signal vector of r2 = [r1,2 r2,2 . . . rN,2]
T is given by
r2 = W2H2s2 +W2n. (9)
From (9), for the weak user set, the received signal of the




The received instantaneous SINR for the IoT device n in














log2 (1 + SINRn,j) . (12)





For the purpose of comparing, the data rates of IoT devices














where 12 is added since two time slots are required to support
2N devices in the OMA system with N antennas, whereas
NOMA can support 2N devices during a single time slot.






III. PROPOSED USER-SET SELECTION FOR NOMA-BASED
MIMO SYSTEMS
In this section, we propose a user-set selection algorithm to
improve the performance of the uplink MIMO-NOMA system.
Fig. 2: Proposed user set selection for Uplink NOMA based
MIMO.
As illustrated in Fig. 2, the proposed user-set selection
algorithm selects totally 2N IoT devices without affecting the
transmission of strong users. We firstly determine the strong
and weak user sets considering their channel gains. Then,
we select N IoT devices from each set based on both the
channel gain and the correlation properties to mitigate inter-set
interference. After that, we determine the optimal power values
α1 and α2 for both strong and weak user sets, respectively.
A. Proposed User-Set Selection Method
A total of N IoT devices having higher channel gains in
the strong user set are selected. IoT devices in the weak user
set cause inter-set interference to IoT devices in the strong
user set. Therefore, the proposed user-set selection algorithm
determines weak users through an elimination procedure based
on the channel correlation between strong and weak user sets.
Orthogonal IoT devices in these two sets are selected so that
inter-set interference can be reduced. In order to select N IoT
devices for weak user set, the BS compares their orthogonality
with the selected IoT devices in strong user set.
Details of the proposed method are explained below:
• Step 1: Channel gains of K IoT devices are sorted in
descending order:
Sord = {‖hk‖ | ‖hk‖ > ‖hk+1‖ ; k ∈ {1, 2, . . . ,K}} .
(16)
• Step 2: Utilizing Sord, BS classifies the K devices into
two groups. The set of devices with the higher channel
gains is represented by Ss, whereas Sw includes the set
of devices with the lower channel gains.
Ss =
{
‖h1‖ , . . . ,
∥∥hbK/2c∥∥} , (17)
in here b.c indicates the floor function.
Sw =
{∥∥hbK/2c+1∥∥ , . . . , ‖hK‖} . (18)
• Step 3: From Ss, strong user set is formed by selecting
the first N devices,
H1 = {hn | hn ∈ Ss, n = 1, . . . , N} . (19)
• Step 4: BS determines the degrees of orthogonality βn,i
between IoT device n in strong user set and IoT device





where n = 1, . . . , N and i = bK/2c + 1, . . . ,K. When
βn,i is equal to zero, two channel vectors are orthogonal
to each other. When this value is closer to 1, two channel
vectors are in similar directions and then they are highly
correlated.
• Step 5: As in [32], a set of USi that satisfy the following
criterion for ith device in Sw is constructed:
USi = {i ∈ Sw | βn,i > β;∀n} , (21)
where β is a fixed threshold holding a value between 0
and 1. As a result, USi includes ith weak device that is
correlated to the selected strong users.
• Step 6: For the ith device, if the set of USi is not empty,
ith IoT device is removed from the set of Sw by,
Sw = Sw {hi} , if Card (USi) 6= 0. (22)
Then, Sw includes the set of weak devices that are
orthogonal to the selected strong users.
• Step 7a: If the cardinality of Sw is equal or higher than
N , the proposed user set selection algorithm selects the
IoT devices in the weak user set as follows:
H2 = {hk | hk ∈ Sw, k = 1, . . . , N} . (23)
Then, the NOMA-based MIMO transmission is per-
formed for the selected IoT devices in (19) and (23).
• Step 7b: If the cardinality of Sw is less than N , the IoT


















Then, the OMA-based MIMO transmission is performed
for the selected IoT devices in (19) and (24).
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B. Power Allocation Scheme
In this section, we examine an optimal power allocation to
find the coefficients of α1 and α2. Our objective function is to
maximize the sum data rate of IoT devices in NOMA based
MIMO system, defined by
f(α) = R1,NOMA +R2,NOMA (25)
where α = [α1, α2].
The sum data rate maximization problem subject to the data





s.t. R1,NOMA ≥ R1,OMA, (27a)
R2,NOMA ≥ R2,OMA, (27b)
0 < α1, α2 ≤ 1. (27c)
Constraints (27a) and (27b) give the minimal data rate
constraints in which the achievable data rate in uplink NOMA
should be no less than a conventional OMA system. Constraint
(27c) gives the interval of the α1 and α2. The maximization
function in (26) is equivalent to minimizing -f(.), thus the
corresponding optimization problem can be solved efficiently
with the standard nonlinear programming optimization tools
[33]. The minimum of a constrained nonlinear multivariate
function can be found using the interior-point method. As a
result of the interior-point method, the optimum output values
are obtained as α∗1 and α
∗
2 to provide the maximum sum data
rate under the given constraints.
IV. PROPOSED NOMA BASED MIMO-PNC
In this section, we present the system model for the pro-
posed NOMA based MIMO-PNC. Through the proposed user
set selection, two sets including N strong and N weak IoT
devices are constructed. The paired IoT devices communicate
via BS. Here, we consider pairing scenario called SS-WW
where each strong IoT device is paired with another strong
IoT device and each weak IoT device is paired with another
weak IoT device. In Fig. 3, SS-WW pairing is illustrated for
the case of N = 2 and K = 4.
In uplink transmission, the NCS vector of sR ∈ CQ×1
whose dimension is equal to Q = N is estimated at BS. It is
assumed that BS has perfect CSI, IoT devices transmit their
signals simultaneously to BS with perfect synchronization, and
all IoT devices are modulated by QPSK.
We define the composite transmit symbol vector of s ∈
C2Q×1, which is obtained through concatenation of transmit


















1.Strong user 2.Strong user
1.Weak user 2.Weak user
Fig. 3: Pairing Scenario for N = 2 and K = 4













The received vector y ∈ CN×1 in (3) is rewritten as follows:
y = Cs+ n, (30)
where C is the composite channel matrix with a dimension of
N × 2Q. Then, the received vector can be arranged as:
y = (CD−1)(Ds) + n (31)
= Ĉŝ+ n, (32)
where D ∈ C2Q×2Q is the sum difference matrix, Ĉ ∈
CN×2Q is manipulated composite channel matrix and ŝ ∈
C2Q×1 is the target estimated vector.
We propose to construct the sum-difference matrix accord-
ing to
D =
D2×2 0 00 . . . 0
0 0 D2×2
 , (33)







Then, the manipulated composite channel matrix is found as
Ĉ = [Ĥ1 Ĥ2]. (35)
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After that, we perform either ZF or MMSE based equal-
ization to detect the NCS symbols belonging to the strong
and weak user pairs separately. For ZF and MMSE, the











Therefore, the equalized vector for the strong user set r1 is
calculated as:
r1 = Ŵ1Ĥ1ŝ1 + Ŵ1Ĥ2ŝ2 + Ŵ1n. (39)
Also, the equalized vector for the weak set r2 is determined
as:
r2 = Ŵ2Ĥ2ŝ2 + Ŵ2n. (40)
These two equalized vectors are merged to provide
r = [r1, r2]
T . (41)





















where rm, rm+1 are the elements of the equalized vector r,
given in (41), ∀m ∈ {1, 3, · · · , 2Q − 1} and q = (m+1)2
while σ2m and σ
2
m+1 are the noise variances after the equal-
ization which are given by:
σ2` =

{Ŵ1ŴH1 }`,`σ2n, ∀` ∈ {1, 2, · · ·Q}
{Ŵ2ŴH2 }`−Q,`−Qσ2n, ∀` ∈ {Q+ 1, · · · 2Q}
(43)
Finally, based on the LLR value, BS decides on the NCS
value of transmitted symbols and forms NCS vector according
to the following rule:
sRq =
{
1, LLRq ≥ 0
−1, otherwise
, ∀q ∈ {1, 2, · · · , Q} (44)
V. PERFORMANCE RESULTS
This section presents the simulation results to evaluate the
performances of NOMA-based MIMO-PNC systems. The IoT
devices are uniformly placed in the cell area which is between
30m and 250m from the BS. The noise power spectrum
density is -159dBm/Hz, and the maximum transmit power
and the bandwidth of each IoT device are set to 11dBm and
200kHz respectively [34]. The path loss is determined by
L = 128.1 + 37.6 log10(dn,j (km)) [35] where dn,j is the
distance between IoT device n in the set j and the BS. In
the OMA-based multiuser MIMO, the strong IoT devices are
selected as in (19) while the weak IoT devices are selected as
either in (23) or (24). After that, these selected IoT devices
establish transmission through two time slots whereas only one
time slot is allocated for the NOMA-based multiuser MIMO.
We compare the performance of the proposed user set
selection algorithm for multiuser MIMO systems based on
NOMA and OMA. Then, the data rate of the strong users is
given for the proposed user set selection and the sorting based
user set selection for NOMA based systems. The effect of the
number of IoT devices, K, and the effect of the threshold, β,
on the sum data rate and on the data rate of the strong users
are provided.
In Fig. 4, the effect of orthogonality threshold is investigated
for N = 2 and N = 4. The data rate of the strong users for
different threshold values is examined since threshold value
directly affects the performance e of the strong user set. It
is observed that β = 0.7 provides the highest data rate of
the strong users for the case N = 2 and the weak devices are
selected as much as orthogonal to the strong devices. Then, the
value of β is increased further, the data rate of the strong users
decreases due to the increasing inter-set interference with the
selection of nearly non-orthogonal devices as weak user set.
On the other hand, when N = 4, the choice of β = 0.6 gives
the highest data rate for the strong users due to decreasing
the degrees of orthogonality when the number of antennas is
increased.



























z] Proposed user set selection
NOMA, N=4
NOMA, N=2
Fig. 4: The data rate of strong users versus the threshold β,
for K = 100 and different N .
Fig. 5 shows the sum data rate of the proposed user set
selection through NOMA and OMA for both N = 2 with
β = 0.7 and N = 4 with β = 0.6 in the densely deployed IoT
devices. For the different number of IoT devices and antennas
at BS, it is observed that the NOMA based MIMO system
7
has superior performance than OMA based MIMO systems
with the proposed user set selection algorithm. Specifically,
for N = 2 and K = 200, the proposed user set selection
with NOMA achieves approximately 23bps/Hz, whereas the
proposed user set selection with OMA provides approximately
16bps/Hz. Similarly, for the case N = 4 and K = 200, the
proposed user set selection with NOMA achieves approxi-
mately 36bps/Hz, while the proposed user set selection with
OMA attains approximately 28bps/Hz. Furthermore, the per-
formance results show that increasing number of BS antennas
improves the sum data rate for both NOMA and OMA based
MIMO systems.
100 150 200 250 300 350 400 450 500























Fig. 5: The sum data rate of NOMA and OMA for N = 2
with β = 0.7 and N = 4 with β = 0.6.
For different number of BS antennas, the proposed user set
selection algorithm is compared to the sorting algorithm after
determining the optimal power allocation factors as presented
in Section III.B. The sorting algorithm determines the strong
and weak user sets by considering only their channel gains.
Firstly, K IoT devices are sorted based on the channel gains
in descending order and classified into two groups as in (17)
and (18). Using (17), the first N IoT devices which have the
highest channel gains are assigned to the strong user set, while
using (18), the first N IoT devices which have the highest
channel gains are assigned to the weak user set.
As given in Fig. 6, the proposed user set selection algorithm
for N = 2 with β = 0.7 provides a better performance, in
terms of the data rate of the strong users, than the sorting
algorithm. The reason is that the proposed user set selection
algorithm considers the orthogonality between the weak user
set and the strong user set, which reduces inter-set interference
for the strong users. Specifically, the proposed user set selec-
tion algorithm achieves higher data rate considering the strong
users around 1.3bps/Hz compared to the sorting algorithm.
Besides, the upper bound is provided assuming there is no
inter-set interference for NOMA based MIMO systems in
Fig. 6.
In Fig. 7, the performance of the proposed NOMA based
MIMO-PNC is shown based on cumulative distribution func-
tion (CDF) with respect to the target BER. The results are
provided for K = 4 and K = 8 IoT devices which transmit
their data simultaneously to the BS equipped with N = 2
and N = 4 antennas, respectively. Considering target BER
requirements of 6G systems, the applicability of the PNC-
100 150 200 250 300 350 400 450 500



























Comparison of user set selection algorithms
Upper bound, N=2
Proposed user set selection with NOMA, N=2
Sorting algorithm with NOMA, N=2
Fig. 6: The data rate of strong users versus the number of IoT
devices for N = 2 with β = 0.7.
MIMO in NOMA systems is demonstrated efficiently in highly
deployed IoT scenarios.























Fig. 7: CDF of BER for N = 2 and N = 4.
VI. CONCLUSION
In this paper, the uplink NOMA based MIMO system with
PNC was proposed for IoT applications to improve the system
performance. We examined a new user set selection algorithm
which determines the IoT devices incurring the least inter-set
interference. Additionally, we calculated the optimal power
allocation scheme to achieve maximum sum data rates. For
the NOMA based uplink MIMO system, simulation results
verified the advantage of the proposed user set selection with
power allocation over conventional OMA systems for massive
IoT applications. Furthermore, the efficiency of the proposed
combined PNC and NOMA based MIMO scheme through the
proposed user-set selection was demonstrated based on the
BER performances of IoT devices.
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